Abstract-Higher education has evolved in the last decade with the use of information technology. This change was called distance education, a teaching method in which the student does not need to meet with the teacher on a certain day and time. The student may be either at home or at work and may have no interaction with the other parts, either the teacher or other students. It has allowed the institutions to resolve geographical gaps in order to reach the largest number of students. On the other hand, it paved the way for the "non-traditional" universities oriented for "adult work", in a narrow range of graduation programs, compatible with the current demands from industry. It is also important to mention that distance education is becoming increasingly appropriate for nonacademic studies, such as corporate training environments. This paper addresses Circuit Theory systems, more specifically laboratory practices geared towards teaching and learning. The choice was made from observing the needs in the specific context of a measures and instrumentation laboratory, mainly related with access to the means and equipment to carry out laboratory practice. The purpose of the work is the use of virtual experimentation to carry out laboratory practice and also as an alternative tool to meet the needs of access to the means and equipment of the laboratory.
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I. INTRODUTION
In recent years approaches that integrate teaching and learning technologies in complex engineering applications have been presenting the concepts used and the creation of educational contents in a very appealing way [1] [2] [3] . The process of education in electrical engineering means the learning of theory and practice, the existence of self-study, team projects, experimental work involving equipment, packages of software simulation and laboratory applications. For the development of e-learning platforms for higher education in engineering, new methodologies should be taken into account with new methodologies of distance learning [4] [5] [6] [7] .
Each educational theory relates to a specific pedagogy used. The pedagogy proposed in this work used learning through discovery. The pedagogical approach is to provide a suitable environment for students, individually or not, to be challenged and stimulated to participate in experiments that will bring them closer to the desired goals. The knowledge of objects and equipment is organized to provide sufficient input for students to be able to reach a desired conclusion when exploring the learning environment.
The use of a constructivist pedagogy can consist in organizing laboratories as learning material and features such as an encyclopaedia or a catalogue which allow students to select the topic that they want to learn [8] . A constructivist laboratory can offer the opportunity for students to learn through interaction with familiar concepts and objects.
The new technology allows the laboratory environments to be transferred to a virtual environment using 3D computer models for educational purposes. However, 3D environments alone are not sufficient if there is no concern about the learning context [9] [10] [11] [12] [13] . This work discusses the relationship between styles and design of 3D laboratory environments based on pedagogical approaches.
In electrical engineering education the main problem is the explanation of procedures to be used in solving problems. This explanation may be based on the use of theoretical procedures using different methodologies. If the student has any questions, the difficulty lies in the way to answer them adequately. The lack of interactivity is a limitation, hindering the learning process and increasing the teacher's work, who has to create several types of examples.
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Although the use of a virtual classroom may establish new channels of communication between the teacher and the student, in the case of electrical engineering, solving problems is still complicated. 3D web presentations are used as an alternative to settle matters [14] .
Interactive 3D presentations are designed to facilitate the visualization, the understanding and resolution of electrical engineering problems. They can facilitate the understanding of the most important procedures for students of engineering [15] [16] [17] [18] . The interactively moved three-dimensional models allow the modification and differentiation of the behaviour of objects. It is expected that the results obtained with this project will be very useful in electrical engineering as well as in other University/Polytechnic curricula requiring the visualization of three-dimensional problems.
With the use of the 3D web presentations, the various electric elements involved in an electrical installation can be easily understood by students. They can see the interaction between the equipment in various situations [12] , [15] .
II. INTERACTIVE 3D PRESENTATIONS
The main purpose of this project was to create interactive 3D presentations to facilitate the visualization, understanding and solving of engineering problems. This goal was divided into two parts:
• Creation of 3D models;
• Implementation of the interactive features of the 3D web presentations for an adequate handling. Learning in online activities on sites requires a set of structured instructional principles to design learning materials. Several things are necessary: to know the target audience; there must be instructional objectives and clear strategies; the context for the learning process must be known; there must be examples and help on how to use the application; there must be contribution of interactive practical tasks in the learning process; and it must provide feedback on the learning activities [19] .
Virtual reality is one of the most advanced technologies in the creation of forms of simulation. The simulation can be effectively carried out through the virtual reality environment. Users can interact with a simulated three-dimensional environment through computer-generated models.
III. DISTANCE LEARNING
Distance learning is a teaching method in which the student does not need to meet with the teacher on a certain day and time. The student may be either at home or at work and may have no interaction with the other parts, either the teacher or other students. It has allowed the institutions to resolve geographical gaps in order to reach the largest number of students [20] [21] . On the other hand, it paved the way for the "non-traditional" universities oriented for "adult work", in a narrow range of graduation programs, compatible with the current demands from industry. It is also important to mention that distance education is becoming increasingly appropriate for non-academic studies, such as corporate training environments.
This form of learning, which optimizes time and space, is known as distance learning and it is being amply used in many different areas. Distance education presents the advantage of facilitating the teaching and learning processes without face-to-face interaction as knowledge is transmitted, partly or as a whole using technology. In fact, technological innovation has assumed a vital role in education. Looking to achieve more efficiency in carrying out the various activities, the job market constantly requires an investment in new skills and knowledge so that the professionals can operate the equipment and working tools, successfully and with quality.
Teaching is the planned response to the demands of the natural learning process in order to obtain optimal results; the teaching process must respect, facilitate and enhance the natural learning process. Learning requires continuity and a logical sequence as it is more than simple transmission of information; it requires methods, techniques, procedures and instruments to obtain satisfactory results. Each student is responsible for his/her own learning, and the teacher is just a facilitator and advisor. It is important to respect the students' different characteristics and their learning process should be accomplished in a more individualized manner.
Distance education (DE) is a teaching mode used to increase access to knowledge, being applied on a large scale in the continuing education of students and professionals. Its main feature is the physical separation between teacher and student. It has the potential to allow users with access to the internet to have information, courses and training in general at their disposal, at any moment.
Another advantage is the flexibility of time, which helps students who can't attend regular courses to keep updated in the labour market by means of structured material, without the need for face-to-face classes.
IV. 3D WEB TECHNOLOGIES
The use of three-dimensional virtual environments on the web has become more popular in recent years, not only in the form of games, but also as environments that simulate some aspects in real life [12] , [15] .
Virtual reality is quite effective for presenting information in virtual environments. It allows the reinforcement of the experiment as an informative resource with interactivity in a learning process through a 3D simulation.
Virtual reality is an interactive simulation of a sensory 3D environment that gives the illusion of a computergenerated experiment and visualization of virtual objects with spatial presence. Virtual reality can arise from programming environments such as Java3D, through coding environments such as Virtual Reality Modelling Language (VRML).
VRML is a language and a file format that allows to describe the movement, animations and interactive virtual environments. It was established as a standard for the creation of web-based contents in a 3D virtual form on the internet. The development of these standards allowed threedimensional worlds to be navigable online and in real time, opening a new set of possible applications for virtual spaces.
The realistic effects of design of a 3D virtual environment using the VRML can be combined with the HTML structure. The objects can be programmed with specific behaviors. Users are able to navigate with these same objects in a virtual world, with very realistic effects. VRML allows the use of less powerful computers to display the dynamic 3D contents with high-quality visual information. However, it is not easy to learn and its syntax is not as flexible or intuitive.
V. CASE STUDY -VEMA (VIRTUAL ELECTRICAL MANUAL)
The overall idea was to create a three-dimensional model (3DS Max, Maya, Cinema 4 D, SketchUp, Blender, LightWave or any other 3D tool), reduce the size of the 3D objects with VizUp and then export them to WireFusion, where it was possible to add some interactivity. However, all animations had to be previously built in the source program of the 3D model. The last step was the production of interactive contents using HTML5, CSS3 and Javascript and the introduction of the presentations on the web as offline presentations [22] [23] [24] .
In the design of a virtual reality system, the selection of the most appropriate tool is an essential component in the development of a VR program. The level of flexibility and pre-programmed components can vary substantially among software tools. Many resources require a special attention from the designers regarding the supported file formats for 3D importing models, polygon count, object sizing, type of animation, collision detection, extensibility, support for VR input/output devices, 3D libraries, widgets, development support and methods of publication of an application [24] .
The simulation of the equipment in the laboratory environment of virtual reality is based mainly on the quality of the visual information and high-resolution digital images, as a way of immersion that enhances the feeling of being truly in the physical space of the laboratory itself.
This virtual lab can not only improve the accessibility, but also allows students to interact with 3D equipment models, using a rich multimedia contents in which they can learn the technical meaning of assemblies and associated information, within a 3D environment [22] .
Students can also use this virtual lab to learn about the meaning of certain type of laboratory equipment and associated information. Browsing and the use of various media are important design elements to increase the usability of a 3D virtual lab environments, with an emphasis on the informative aspect and the learning context. Fig. 1 shows the home page of VEMA. Users can view basic information about the fundamentals of electrical engineering: curriculum, assessment criteria, schedule of laboratory exercises and homework. There is also a menu list with the teacher's contact. All visitors can view interactive learning materials and links on electrical engineering [24] . 
VI. CONCLUSION
This is a project developed by DEE/ISEC which seeks to give students access to e-learning tools through the use of 3D Virtual Worlds providing an interface for interacting with e-learning, that is, a 3D interface is used instead of a 2D browser [20] .
There is interoperability between the e-learning system and the virtual 3D environment to ensure that different platforms can perform the same actions in the LCMS, regardless of the interface.
The purpose of the 3D prototype was to experimentally validate the theoretical model as a design tool for creating virtual 3D environments that improve access to laboratories as resources of information and learning. The prototypes must be built as close to the final product as possible, in order to evaluate how students respond to the final products. Therefore, the 3D prototype was created as realistically as possible to resemble the final product of the work so that the students can identify if the use and pedagogical approaches correspond to what was foreseeable.
The prototype was created based on the design and analysis of a model using several software programs, namely, 3ds Max, VizUp, Dreamweaver, Wirefusion and HTML5. The virtual prototype design aimed at attracting and engaging students in the 3D virtual environment.
This program allows students to learn through their own exploration and research of selected virtual objects using a variety of interactive learning activities. It is active learning by discovery, as opposed to merely passive learning.
